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(57) A method of reconstruction of a three-dimen- 
sional image of an element of interest comprises a 
phase of acquisition of digital radiographic images by 
rotation of an camera around the organ, a phase of 
marking the position of the element of interest from 
image to image, and a phase of reconstruction of the 
three-dimensional image of the element of interest from 
acquired images and positions of the element of interest 
successively located in the successive images. 
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Description 

[0001] The invention concerns the reconstruction of 
three-dimensional images and, in particular, the recon- 
struction of a three-dimensional image of an element of 
interest like, for example, a vascular stent inserted in an 
organ such as a vessel. 

[0002] The invention is applicable advantageously 
but not limitatively to the medical field. 
[0003] Vascular expanders ("stents") are placed in 
coronary arteries to eliminate stenosis of those arteries. 
A major difficulty resides in control of the correct deploy- 
ment of the stent in the vessel in order to avoid a prob- 
lem known as restenosis. At present, in order to check 
correct deployment, that is, in general, the diameter of 
the stent in the vessel, ultrasound-based intravascular 
techniques are used, which require the insertion of an 
extra catheter, carrying an ultrasound probe and there- 
fore relatively expensive. 

[0004] The invention is aimed at offering a more 
satisfactory solution to that problem and proposes fur- 
nishing the same information, but from a reconstruction 
of the three-dimensional image of the stent 
[0005] The invention therefore proposes a method 
of reconstruction of a three-dimensional image of an 
element of interest like, for example, a vascular stent 
inserted in an organ such as a vessel, comprising a 
phase of acquisition of digital radiographic images by 
rotation of an camera around the organ, a phase of 
marking the position of the element of interest from 
image to image, phase of marking the position of the 
element of interest from image to image, and a phase of 
reconstruction of the three-dimensional image of the 
element of interest from acquired images and positions 
of the element of interest successively located in the 
successive images. 

[0006] The invention will now be described in 
greater detail, by way of example:- 
[0007] A first phase consists of acquiring a number 
of digital radiographic images by rotation of a camera of 
standard structure known per se around a patient, for 
example, around the patient's chest, if the three-dimen- 
sional reconstruction of the image of a vascular stent 
placed in a coronary artery is of interest. A number of 1 0 
acquisitions per cardiac cycle for about 10 cycles is a 
non limitative example. 

[0008] In practice, taking into account the relatively 
contrasted character of the vascular stent, it does not 
appear indispensable to undertake in advance the injec- 
tion of a contrast medium into the vascular system. 
[0009] A marking of the position of the element of 
interest from image to image is then undertaken, prefer- 
ably in real time. Thus, it is possible to predict the posi- 
tion of the stent from one image to the next In addition, 
collimation means can be adjusted to limit the X-ray 
dose delivered to the patient By way of indication, it is 
possible to use as image to image marketing technique 
("matching") as described by R. Deriche and O. 



Fangeras entitled Tracking Line segments," Image and 
Vision Computing. Vol. 8, No. 4, November 1 990, pages 
261 -270. The expert may possibly refer to it. 

[0010] A phase of reconstruction of the three- 
5 dimensional image of the element of interest is then car- 
ried out In that connection, two variants are possible. 
[0011] The first consists of describing the three- 
dimensional image by a regular grid of elementary vol- 
ume elements commonly designated by the term 
10 "voxel" by the expert The intensities attributed to each 
voxel then indicate the probability of the voxel being sit- 
uated or not in the stent 

[0012] Reconstruction of the three-dimensional 
image can be carried out by means of a standard alge- 

15 braic iterative algorithm of image reconstruction. 

[001 3] The principle of such algebraic iterative algo- 
rithm of image reconstruction is perfectly known by the 
expert and has previously been the subject of numerous 
articles, e.g., Gordon, Bender and Herman entitled 

20 "Algebraic reconstruction technique for tridimensional 
electron microscopy and X-ray photography," Journal of 
Theol. Biol. 29. pages 9471 to 781 (1970), and also 
French Patent Applications Nos. 89 03606 or 89 16906. 
[0014] The method of reconstruction of a three- 

25 dimensional image of an object, such as described in 
French Patent Application No. 2,752,975, can also be 
used. 

[0015] The expert may refer to those documents of 
the prior art for more information concerning use of the 
30 image reconstruction algorithm and/or the camera cali- 
bration phase. 

[001 6] After that reconstruction, one can also envis- 
age carrying out a segmentation phase on the recon- 
structed three-dimensional image in order to filter out its 

35 noise and retain solely the useful representation of the 
stent In that connection, the expert may, for example, 
use an algorithmic technique of segmentation such as 
that described G. Rnet and J. Lienard entitled "Parame- 
ters that influence accuracy and precision of quantita- 

40 tive coronary arteriography," The International Jogrnal 
of Cardiac Imaging. Vol. 12, No. 4, Dec. 1996, pages 
271-287. 

[0017] One can also envisage reconstructing the 
three-dimensional image of the stent by selecting only 
45 the images corresponding to a precise instant of the 
cardiac cycle. In that regard, a physiological signal such 
as an electrocardiogram can be used to make the selec- 
tion of those images. 

[0018] In a second variant, reconstruction of the 
so three-dimensional image can be made by describing 
the stent by means of a parametric model (typically, the 
length, shape and size of the cross section, the spatial 
position and the orientation, etc.). Those parameters 
are then optimized by applying a gradient descent algo- 
55 rithm known per se. The energy to be minimized by the 
gradient descent algorithm can be a function of the dif- 
ference between the image really acquired and the 
image which would be obtained with a given choice of 
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values of parameters of the stent model. 

[0019] This second variant offers the advantage of 
directly reconstructing a segmented three-dimensional 
image of the stent 

[0020] Furthermore, in all cases, it may be prefera- 5 
ble to apply a movement compensation algorithm in 
order to compensate for the wide movements of the 
stent due, for example, to the patient's respiration. 
[0021] From a material standpoint, beside the 
standard camera equipment, a computer is provided, io 
equipped with a screen and incorporating the different 
software of the invention, notably, matching, segmenta- 
tion and reconstruction algorithms. 

Claims 15 

1. Method of reconstruction of a three-dimensional 
image of an element of interest inserted in an 
object, comprising the steps of a phase of acquisi- 
tion of digital radiographic images by rotation of an 20 
camera around the object, a phase of marking the 
position of the element of interest from image to 
image, and a phase of reconstruction of the three- 
dimensional image of the element of interest from 
acquired images and positions of the element of 25 
interest successively located in the successive 
images. 

2. Method according to claim 1, wherein the recon- 
struction phase embraces a representation of the 30 
three-dimensional image from a grid of elementary 
volume elements and use of an iterative algebraic 
algorithm of image reconstruction. 

3. Method according to claims 1 or 2, wherein a para- 35 
metric model of the element of interest is used. 
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